The problems of chemical substance applications in different spheres of industry and agriculture and their effects on groundwater quality and human health are described. Sources of groundwater contamination from industrial and municipal wastes, agricultural pollutants, etc., are listed. The experience in the application of chemical fertilizers and pesticides in the USSR is described. A brief estimation of groundwater salinity is given for various regions of the USSR where irrigation is practiced, as well as the experience in environmental protection. Special attention is given to methods of simulating water seepage and chemical substance transport in soils. Boundary problems for free-surface seepage and dissolved solids transport in porous media are stated, and methods of solution are described in the example of the hydrodynamic theory of seepage and dispersion. Some results of calculations with this method are presented. The influence of groundwater quality on the morbidity of the population is given and the main diseases and associated medical problems are listed.
Introduction
Increased anthropogenic loading on the environment has produced an appreciable disturbance of natural conditions. Considerable amounts of pollutants are released into water and air, causing their contamination. For some chemicals, the rate of release is greater than the rate of removal. As a result, some chemical substances are accumulated, particularly in water and soil.
Pollution of groundwater must be understood to be closely related to that of the whole environment. Moisture in the atmosphere is connected with moisture in surface and groundwaters via the hydrologic cycle. Therefore, it is impossible to prevent groundwater pollution if the atmosphere, surface waters, and soils are subjected to continuous contamination.
Many pollutants are able to penetrate into groundwater aquifers. This situation is even more dangerous than a deficit in the water supply, since unconfined groundwaters-unlike groundwaters in confined aquifers-are not as well protected from pollution. Thus, deterioration of groundwater quality is becoming a matter of great concern.
The main sources of groundwater contamination are municipal, industrial, and agricultural wastes (both solid and liquid), gangue rocks, sludge and slimes, refuse, pesticides, herbicides, effluents from livestock and poultry farms, etc. Pollutants have different migration capacities, toxicities, and other properties. Thus, even *USSR Academy of Sciences, Water Problems Institute, 13/3 Sadovo-Chernogriazskaya, 103064, Moscow, USSR. low concentrations of highly toxic pesticides can significantly influence cellular behavior, genetics, and metabolism. The ability of pesticides to enter and accumulate in tissues causes contamination of the whole food chain.
Unfortunately, at the present time in the USSR, chemical methods are used to protect agricultural areas and forests from pests and undesirable plants. , more than 20 million hectares were treated with pesticides, whereas biological methods were applied only on small areas. In the future, the areas where biological methods of protection will be used are to be expanded. These (2) . On a land plot that has been irrigated for 30 years, salinity of the pore solution increases uniformly from 0.5 to 1.5 g/L to 10 to 15 g/L, as depth increases from 1 to 2 to 8 to 14 m. At a depth of 5 to 7 m the concentration of chloride ion, (C-) has achieved a value of 8 g/L. At a depth of 10 to 14 m the chloride ion concentration is 9 g/L. Sodium cations prevail in pore solutions: at a depth of 3 to 5 m the average Na+ concentration is 1.6 g/L, and at a depth of 5 to 7 m it is 3.0 to 3.5 g/L. Concentrations of calcium, magnesium, and some other elements also increase with increasing depth below the surface.
The construction of the Kara-Kum Canal in Soviet Central Asia (its length is 1200 km; annual runoff is 9 ki3) had both positive and negative effects on the environment. Manmade lakes and drainage systems were constructed and vast lands were irrigated. For the 23-year period of the canal's operation, the total inflow of surface waters into it was 240,933 billion m3. The total input of salts was 142,124 million tons. Iniltrating irrigational waters carried salts from the aeration zone, thus increasing their content in the groundwater.
Zones of groundwater level rise (so-called seepage mounds) appeared under irrigation canals and on irrigated land plots. Thus, in the Ashkhabad region the groundwater level rose by 10 to 15 m; in a 4 to 4.5 kmwide zone along the drainage collection area, the groundwater level rose by more than 15 m. Infiltration lakes appeared in the drainage areas for these canals. Groundwater salinity around them increased by 3 g/L, as compared to the background value, which was explained by intensive evaporation.
The Kara-Kum Canal waters irrigate up to 850,000 hectares of land whereas the total area of irrigated lands in Soviet Central Asia is 6.8 million hectares. Depth, chemical composition, salinity, and other parameters of groundwater are diverse because of the variety of lithologic, geomorphologic and climatic peculiarities, human activities, and many other factors. As a rule, surface water salinity is proportional to the distance between the river and the source of irrigational water (irrigational canal). Similar changes are observed in the salinity of groundwater (3) .
The salinity in the Amudaria River increased to a value of 0.5 to 0.8 g/L and in the Syrdaria River, salinity levels were as high as 1.5 to 1.8 g/L. Groundwater salinity was also subjected to vertical variability. The salinity of water from a sampling bore-hole in the Vakhsh river valley was as follows: 1 Experience in irrigational system construction and operation is valuable and instructive. Special attention is given to environmental protection problems. Thus, in order to ensure standard salinity in projected irrigational systems in the Volpa basin, the impact of the daily release of 2 million m of drainage waters (their average salinity being 4 to 7 g/L) is planned and projected for the Urals and Kazakhstam regions. These are regions that are far away from the Volga region, but are connected with that region.
Therefore, predicting seepage phenomena, solute transport in soils, and estimating their effects require models that carefully describe natural processes. Among theoretical models of mass transport in soils are the black box model, the gray box model, structural models, and others. These models are described in great detail in the literature. Because of the specific interest of the author, the present paper deals mainly with structural models. They are based on hydrodynamic principles for describing transient seepage processes and pollutant transport in groundwater.
Isothermal groundwater and pollutant transport can be described by the following system of governing equations as
Here V is seepage velocity; K is the coefficient of permeability; p. is dynamic viscosity; m is porosity; P is fluid pressure; g is the acceleration of gravity; Z is the vertical coordinate; t is time; p is the density of the solution; D is the second-rank tensor of dispersion; and C is pollutant concentration in groundwater.
Solutions of these equations are possible at assigned parameter values and boundary conditions for certain conditions. Assuming that the density and viscosity of the solutions do not depend on the concentration (which is observed when the concentration varied within a narrow range), the hydrodynamic problem can be considered independently. Then the concentration can be determined from the obtained values of seepage velocity.
Hydrodynamic Theory of Seepage
The theoretical basis of the model is described elsewhere (5, 6 
and the selected zero plain (or zero line, in the case when the horizontal impermeable layer is the lower boundary); and B is the distance between the zero plain and the level line of the surface water body. This value generally depends on time.
If X = 0, either symmetry is observed, e.g., aH/aX = 0, or the values of head or flow are to be assigned. Boundary conditions for other cases are described elsewhere (7) .
The solution of this nonlinear boundary value problem can be obtained with the present generation computers. Complex hydrogeological media, characterized by nonuniformity and the presence of stratified layers of different permeability, can be investigated only with the help of hydrodynamic models. In cases when the domain under consideration is uniform, the seepage layer is thin, its spatial variations are minimal, and flow dynamics are studied over vast areas. Only then can the hydraulic theory of unconfined seepage be applied. (8) For the lower boundary, which, in general, has an arbitrary contour and recharge rate, the boundary condition is given as
where h is head; K is the coefficient of permeability; and E is the term describing the source of flow. The initial and boundary conditions for the saturated zone are aH = Q(X,t) aN (9) where N is the inner normal to the boundary domain. 
where C(P) is the coefficient describing the water-holding capacity or storativity of the aquifer; K(P) is the
t > 0 coefficient of permeability for the unsaturated zone; and P is liquid pressure.
Initial and boundary conditions for Eq. (13) where R is the infiltration flow rate through the soil surface (R > 0) or the evaporation rate (R < 0). If the effect of vegetation is to be taken into account, a term describing water absorption by the plant roots must be included in Eq. (13) . The algorithm for the solution of this problem, the coupling of the two equations and the analysis of the results are described in (9) . It can be concluded from this investigation that the methods give satisfactory results for simulation startup. When the inflow to the water surface is small, the lateral component in the unsaturated flow domain is negligible and the Boussinesq approximation hypothesis of Dupuit-Forchheimer is valid. For these cases a coupled model will be an effective, approximate solution of the unsaturated-saturated seepage problem, since the solution of practical problems using the rigorous model requires extensive computer time. dw (16) b) in the saturated zone:
T determines the free-surface position.
The following relation is assumed between K and T:
approaches to the problem of water and salt transfer simulation in soils are given in (10).
Many investigations (11) (12) (13) have dealt with the problems of unsaturated-saturated seepage. Algorithms for Eq. (15) have been developed and numerous examples of calculations have been given. In addition to the computational difficulties, the authors were faced with lack of knowledge of dW/dT and the relationship for
The use of a rigorous model of unsaturated-saturated seepage is advisable when the groundwater aquifer is close to the root zone and is subjected to large-scale vertical variations, thus endangering the plants' growth and in some cases, causing their destruction. This model is also important in studying the interaction of surface and groundwater, as well as chemical substance transport in the domain. In the case of surface waters, when the water body bottom is covered by a layer of silt that has runoff from agricultural activities, it can represent an additional source of contamination to underlying groundwaters. The hydrodynamics of these processes are described in Khublarian et al. (14, 15) .
Chemical Substance Transport
The above models allow us to study seepage processes in the soil, predict their (16, 17) . Let us now state the boundary problem for the equation, describing water and salt transport in a porous medium, for which the hydrodynamic problem of freeboundary seepage has been investigated (Fig. 1) . The two-dimensional transient equation of convective transport in saturated porous media is The coefficient of hydrodynamic dispersion D(V) depends on the seepage velocity and certain parameters of porous media (5) and is given as
where D, is the coefficient of molecular diffusion; 1 is the coefficient that is a function of the structure of the porous media, and ot is an exponent, usually 1 (19, 20 Figure 1 presents a case of a horizontal drainage canal, parallel to the irrigational canal, with water levels being different in both the canals. Free-surface seepage and pollutant transport occur through the soil layer, separating the two canals. The soil layer is represented by the two-dashed lines.
The plots in case 1 of Figure The above examples illustrate the significant role of porous media characteristics on the transport dynamics of water and solutes. That is why the assumption that physico-chemical parameters such as permeability having constant values at all positions are not always justified. However, the value of these models is that a large number of hydrogeological settings can be examined very quickly. This makes it possible to determine exposure concentrations of toxic chemicals in drinking waters derived from groundwater for many combinations of system parameters. These models make it possible to examine the impact on groundwater quality of agricultural practices and waste management activities by taking into account the interaction of hydrogeological characteristics of the subsurface and the chemical properties of the pollutant. Environmental pollution and the deterioration of sanitary conditions of surface and groundwater decrease drinking water quality, which becomes unsatisfactory in some of the regions. According to Soviet Water Legislation, groundwater as a source of drinking water is given first priority. However, groundwater quality, as mentioned above, is deteriorating. This is caused by increased anthropogenic loading, manifesting itself in the inflow of polluted waters into groundwater aquifers. Other activities that cause adverse effects on groundwater quality are pumping of toxic effluents into the subsurface (deep-well injection), the burial of toxic wastes in unsaturated zones, etc.
The influence of the human factor on spreading of noninfectious diseases among the population is determined by this type of pollution. These diseases are numerous and include practically all types of ailments. They include chronic cardiovascular and nervous system diseases, diseases of the digestive and blood-forming organs, disturbance in fetal development, genetic affections, allergies and cancer. Bacterial pollution, caused by violation of water disinfection technology, results in outbreaks of infectious gastric and intestinal diseases such as diarrhea, paratyphoid diseases, viral hepatitis, typhoid fever, dysentery, salmonellosis, and other waterborne diseases.
Most frequently, waterborne diseases occur in regions of intensive agricultural development, particularly in Soviet Central Asia. Sanitary conditions of the region cannot but affect human health, with the main problem being gastric and intestinal infectious diseases. For example, morbidity from typhoid fever in Central Asia is higher than anywhere else in the USSR. Blood diseases and disturbance in both fetal development and childbirth possibly caused by herbicides or pesticides migrating into groundwater resources used for drinking water are widespread in this region.
Thus, the present situation necessitates paying greater attention to environmental protection. Between 1986 and 1990 (the 12th five-year period) 15 
